An agricultural project in Highland Ecuador provided a model context to better understand the nutrition of rural women. The adequacy of women's nutrition and the strength of associations with age and socioeconomic status were studied in 104 rural households over four rounds (two seasons) during the 1995-1996 agricultural year using a cross-sectional with repeated-measures design. Women were at high risk for micronutrient deficiencies (calcium, iron, riboflavin, and vitamin B 12 ) due to low intakes of animal products. Two distinct constructs representing socioeconomic status were identified: modern lifestyle and farming wealth. In multivariate models, farming wealth was associated with quality of women's diet (animal protein adjusted for energy, p = 0.01). Diet quality, in turn, was positively associated with anthropometric status (p = 0.02). Women over the age of 50 weighed approximately 3.7 kg less than younger women and consumed less energy (300 kcal) and micronutrients (p < 0.05). Age was positively associated with respiratory morbidity (p = 0.01). These findings, while directly relevant to a specific context, suggest the need for cross-cultural studies to identify the extent of, and factors contributing to, the risk of nutritional inadequacy in postreproductive women in developing countries.
Introduction
The harsh environmental and economic conditions faced by small-scale farming households in developing countries often lead to marked food insecurity and malnutrition.The impacts on children are well documented, with inadequate nutrient intake, high rates of infant morbidity and mortality, and compromised linear growth among the outcomes reported. Less well studied is the nutritional status of rural adults, particularly those beyond their reproductive years, as they are frequently excluded by sampling protocols focused on young children. Women, in particular, are at risk, as their multiple roles exact a heavy nutritional toll. Gender biases in food distribution and access to health services compound these strains [1, 2] and may become more pronounced as women move beyond their reproductive years. Valuable insights into the true extent of rural poverty and food insecurity may be gained by better documenting the nutritional status of women.
An agricultural project in Highland Ecuador provided a model context to study the nutrition of rural women. Data were collected in 1995 and 1996 as part of a larger study of the impact of the reintroduction of an indigenous crop (quinoa) to the farming system. Drought, freezing temperatures, soil erosion, and malnutrition characterize this region. Among children, 52% of those under five years of age are stunted, and approximately 25% suffer from riboflavin and iron deficiencies [3, 4] .
The specific objectives of this study were to establish Ecuadorian Andean women's nutrition varies with age and socioeconomic status 240 the adequacy of diet and anthropometric status among Ecuadorian women residing in an Andean rural setting, including those of advanced age; and to apply multivariate analyses and determine the strength of associations between socioeconomic status and women's nutritional status in this population.
Materials and methods

Study design, sampling, and research team
Anthropometry, repeated 24-hour dietary recalls, and agricultural and socioeconomic surveys were conducted in the province of Chimborazo (2,400 to 4,000 m above sea level) over four study rounds timed to cover the pre-and post-quinoa-harvest seasons. In order to participate in the study, households had to maintain their principal residence in the community and own less than 10 hectares of land. The sample comprised all quinoa producers in three communities as well as a randomly selected group of non-quinoa producers. Because of the small size of the communities, sampling resulted in a near-census of households. Only one woman from each household was studied. The nonresponse rate was 14%, and the final sample consisted of 104 households. Of those 104 households, 91 provided dietary data over both seasons (12. 5% were lost to follow-up), and 63 provided anthropometric data. There were no differences in level of education or socioeconomic status between women who completed the study and those lost to follow-up (data not shown).
The research team consisted of four indigenous women from the region, a local university-trained nutritionist, and the corresponding author. All data were collected in the local language, Quichua, and then translated into Spanish.
Dietary assessment
Dietary intake was assessed with four nonconsecutive 24-hour recalls covering both seasons. We asked the female head of the household to recall all foods and beverages consumed during the previous day. Common-pot eating predominates in this region, so research assistants obtained full ingredient lists including portion sizes from the subjects. For meals consumed away from home, the subjects recalled as many ingredients as possible, and standardized recipes were applied. Serving sizes were estimated with standard-sized cups, bowls, and spoons, and local foods were weighed to improve the precision of the estimates.
In addition to absolute nutrient intakes, the ratio of energy intake to basal metabolic rate (physical activity level or PAL) was calculated to estimate energy adequacy and to determine the extent of under-or overreporting in the dietary intake data [5, 6] . The basal metabolic rate was calculated for each woman applying age and weight-specific equations presented by the Food and Agriculture Organization/World Health Organization/United Nations University (FAO/WHO/ UNU) [5] . If a woman's actual weight was unavailable, her weight was estimated by taking the average weight of women of the same age.
Anthropometric methods
Anthropometric measurements included height, weight, mid-upper-arm circumference (MUAC), and triceps skinfold thickness. Arm fat area (AFA) and arm muscle area (AMA) were calculated according to formulas in Frisancho [7] . Shorr height measuring boards (Shorr Corporation, Olney, MD, USA), a Seca electronic balance (Seca Corporation, Columbia, MD, USA), nonstretchable plastic measuring tapes for arm circumference, and Lange calipers (Cambridge Scientific, Cambridge, MA, USA) were utilized. All measurements were made in triplicate in accordance with standardized methods [8, 9] . The subjects removed the majority of their clothing, with the remaining items recorded and sample items representing jewellery and clothing weighed and subtracted from the measures.
Household socioeconomic and health variables
Household socioeconomic and health variables were measured with gender-disaggregated questionnaires and direct observation of assets both at baseline (preharvest) and postharvest. The survey tools were pretested with 20 families not participating in the study. Male respondents provided data on age, sex, formal and informal education of household members, occupation, water supply, human waste and garbage disposal, ownership of durable goods, landholdings, and land in cultivation. The female head of the household provided details on her occupation, morbidity, and household use of health services. Housing characteristics, latrine ownership, and water supply were determined by direct observation.
Morbidity was determined by recall. The women reported the occurrence, severity, and duration of five symptoms characteristic of gastrointestinal or respiratory illness during the previous two weeks. These symptoms were diarrhea, fever, vomiting, cough, and difficulty breathing.
Data entry and analysis
Questionnaire and anthropometric data were entered by a single clerk into the Epi Info 6 program, Version 6.02 [10] . All data were reviewed twice to ensure correct coding. Dietary recall data were entered similarly and analyzed with an Ecuadorian food-composition database created with the Worldfood Dietary Assess-ment System, Version 2 [11] . Food-composition data were gathered from Ecuadorian [12] and Mexican [11] tables and from the scientific literature for Andean crop nutrient composition [13] [14] [15] [16] .
Data analysis was completed with the SAS statistical program (Version 6.12) [17] with variables first tested for normality with SAS univariate and normal probability plot procedures. Means, medians, and frequencies were generated for all data as appropriate given the distribution. Pearson and Spearman correlations tested bivariate associations among independent variables and between independent and dependent variables.
Principal-components analysis conducted with PROC FACTOR (principal axis) was used to construct measures of socioeconomic status [18] . Principalcomponent scores were then included as predictors in multivariate analyses with diet quantity (energy), diet quality (animal-protein intake adjusted for energy), and anthropometric status as dependent variables.
Animal protein was chosen as the diet quality marker, because these women were shown to consume diets characterized by low intakes of micronutrients (especially riboflavin, vitamin B 12 , calcium, and iron) that are in their most bioavailable forms in animal products. Spearman correlations were calculated between animal protein (in grams) and intakes of these micronutrients and were significant for vitamin A (r = 0.45, p < 0.01), vitamin B 12 (r = 0.96, p < 0.01), iron (r = 0.66, p = 0.01), riboflavin (r = 0.62, p < 0.01), and calcium (r = 0.60, p < 0.01). Multivariate analyses were conducted with PROC REG in SAS. Table 1 presents nutrient intakes for Ecuadorian women, averaged over four days. The average energy intake for the group was 2,656 kcal/day, which, when divided by these women's estimated basal metabolic rate, yields a PAL of 2.15. The reported intakes appear to be valid, as the mean PAL is approximately 5% to 10% above that calculated by Leonard et al. [19] employing heart-rate monitoring in Ecuador (PAL, 1.96) and Kashiwazaki et al. [20] employing doublylabeled water in Bolivia (PAL, 2.04). Thus, energy intake appears adequate for this group.
Results
Dietary intake
When the dietary adequacy of protein, zinc, iron, vitamin B 12 , folate, niacin, riboflavin, and thiamine was tested with probability analysis [21] , notable insufficiencies were found in the intakes of riboflavin (prevalence of inadequate intake, 89%), vitamin B 12 (28%), iron (58%), and niacin (11%). These inadequacies reflect low consumption of animal products, which contributed just 6.4% of energy. These women also consumed a large amount of phytates (2,370 ± 60 mg/day), which reduced the bioavailability of zinc and iron. The phytate-zinc molar ratio was 21, a level expected to reduce the availability of zinc to just 15% [22] . Calcium intake was below reference values, whereas folate, thiamine, and vitamin C intakes were largely sufficient.
To determine whether dietary intake was different among women in their postreproductive years, we calculated the mean nutrient intakes for women below and above 50 years of age. Estimated energy and protein intakes differed between the two age groups, with the younger women consuming approximately 300 kcal/day more than the older women. The older women maintained an acceptable PAL at this lower intake (2.04), but only because their weight was lower.
In line with the energy results, older women had lower absolute intakes of riboflavin, vitamin B 12 , calcium (p = 0.07), and zinc. The results of age group tests repeated for micronutrient intakes adjusted for energy were not significant, indicating that older women ate less food, but not different foods, than their younger counterparts. Table 2 presents data on mean height, weight, and body mass index (BMI) according to age category. Six pregnant or lactating women were excluded from the analysis, resulting in a sample size of 57 with a mean age of 41.5 years. At first glance, these values reflect the typical short Andean physique [19, 23, 24] . The mean heights for all age categories fall below 150 cm, but at an average of 22.52, the BMIs for these women indicate maintenance of a "normal" weight for that height.
Anthropometric status
Classification of BMI distribution according to the World Health Organization (WHO) criteria [25] showed little evidence of protein/energy stress, with 80% of the sample falling within the normal range of 18.5 to 25. Only one woman (aged 55 years) out of 57 (1.8%) was "thin"; in addition, with no BMI found to be higher than 30, obesity was a minimal problem. Interpretation requires caution, however, as South American populations possess short legs relative to body length and may have higher BMIs for weight than European and Indo-Mediterranean populations [25] . Sitting height was not measured, disallowing corrections to BMI based on the Cormic Index [26] .
Consistent with the dietary data, older women (50 years and older) weighed 3.7 kg less than younger women and had a lower BMI. MUAC, triceps skinfold thickness, and the calculated indices of AFA and AMA [7] presented in table 3 aid in pinpointing the source of weight differences. Although the data cannot be extrapolated to account for the composition of the entire body, arm fat stores were lower in the women over 50.
Morbidity
Spearman correlations showed a positive association between age and the number of days ill with respiratory symptoms (r = 0.36, p = 0.01), indicating increased respiratory morbidity among the older women. Close to one-half of the women studied reported days ill with respiratory symptoms, and Spearman correlations showed a negative association with MUAC (r = -0.27, p = 0.05). Vomiting and diarrhea failed to correlate with any of the anthropometric indicators.
Socioeconomic effects
Principal-components analysis was used to reduce redundancy among the many socioeconomic variables measured. This technique reduces several correlated variables to a few independent components that account for a significant proportion of the variation in the original data set [27] . Table 4 presents the two socioeconomic components identified and the individual factor loadings for the 13 socioeconomic variables analyzed. Eigenvalues, the scree test, and interpretability were applied in the selection of components to be retained. Factor load- ings are bivariate correlations between the variable and the component. A factor loading greater than 0.40 is deemed large. An eigenvalue is the amount of original variance in the data accounted for by a component. A scree test plots eigenvalues to identify natural separations between components with high and low eigenvalues. Principal-components analysis standardizes variables (mean = 0, standard deviation = 1). A component with an eigenvalue <1 accounts for less variance than an individual variable and is normally not retained for further analysis [27] . Although four components had eigenvalues greater than 1 and jointly explained 66% of the variance, the scree appeared to begin after the second component, with the third and fourth components difficult to interpret. Thus, only the first two components, which jointly explained 50% of the variance in the original variables, were retained.
Nine of the 13 variables had large loadings for component 1, which accounted for 30.6% of the variance. These variables are marked with asterisks in table 4 and include possession of small durable goods and improved housing materials, forming a construct that may be described as "modern lifestyle" [28, 29] . Component 2 represents the construct of "farming wealth" and accounted for 16.7% of the variance in the original variables. Variables with large loadings for this component included land ownership, land in cultivation during the study year, and small livestock. When the principal-components analysis was performed, some variables originally measured were dropped because they did not load on the retained components or they loaded on both components. These included work migration patterns and ownership of radios, vehicles, back-pack sprayers, sheep, swine, horses, and mules. Variables that do not load clearly on components are often removed from an analysis [27] . Total income loaded equally on both components and was therefore dropped.
Bivariate correlations calculated between these components and age and education demonstrated significant potential for confounding (data not shown). Specifically, women's age was negatively associated with both education (r = -0.56, p < 0.001) and modern lifestyle (r = -0.29, p = 0.006). An inverse relationship between age and literacy has been reported previously in these communities [30] and may be due to a secular trend in access to education. Therefore, to reduce collinearity, education was excluded in multivariate models as it is important to retain age in nutritional analyses. Table 5 presents models demonstrating the relationships between the socioeconomic constructs (adjusted for age) and women's nutrition. The socioeconomic variables, especially farming wealth, were positively associated with diet quality (animal-protein intake adjusted for energy), but not with diet quantity (energy). For anthropometry, the only significant model was for AFA, with a trend towards larger fat stores with increased modern lifestyle.
The question remains whether diet quality is related to anthropometric status. Multivariate models presented in table 6 demonstrate that animal protein (adjusted for energy) is indeed a predictor of BMI, MUAC, and AFA when adjusted for age. Adjusted for age, each additional gram of animal protein per 1,000 kcal consumed was associated with a 0.19 kg/m 2 increase in BMI, a 0.25 cm increase in MUAC, and a 35.8 mm 2 increase in AFA. In addition, of particular interest to nutritionists, when the components were included in these models, the effect of animal protein remained significant, while the socioeconomic components did not (data not shown). Therefore, animal-protein intake is not likely to be acting merely as a proxy for socioeconomic status in this population.
Discussion
Despite the pivotal role played by women in household production and reproduction, their nutritional status has been largely neglected as a serious topic of study.
The high probabilities of inadequate micronutrient intakes among rural Ecuadorian women reported here illustrate the situation facing women and children worldwide. Micronutrient deficiencies place women at Ecuadorian Andean women's nutrition high risk of anemias, compromised immunocompetence, and, for those of childbearing age, maternal mortality [31] . High rates of micronutrient deficiencies among women also place infants at risk both pre-and postpartum, and the lethargy associated with anemias and mild energy insufficiency may compromise maternal caring capacity and labor productivity. Although a broad literature now details inadequate micronutrient intakes among Latin American children, including Ecuadorians [4, [32] [33] [34] [35] , similar high-quality data describing women's intake in the Andes are limited. In fact, only Kim et al. [33] and Berti et al. [32] provide information for Bolivia and Ecuador, respectively. Kim et al. [33] observed low intakes of calcium and vitamin A relative to Bolivian recommended intakes. Similar to our findings, Berti et al. [32] reported inadequate intakes of calcium, vitamin A, riboflavin, and vitamin B 12 . More recently, in a Mexican sample, more than one-third of women of reproductive age had low ferritin, hemoglobin, and plasma B 12 values [36] .
A number of the micronutrients found to be lacking in the diet (riboflavin, iron, calcium, and vitamin B 12 ) are found in the highest amounts and most bioavailable form in animal products. The low intake of these foods (approximately 6% of total energy) among this population confirms other reports from Ecuador, where the contribution of animal products to total energy intake ranged from 5% to 7.7% [37, 38] . Animal-product intake is a significant predictor of child size in Ecuador* and Mexico [39] . The demonstrated association between animal-protein intake (adjusted for energy and socioeconomic status) and increased anthropometric status in adult women is a novel contribution of the present study. As with children, it may be hypothesized that the high protein quality and micronutrient bioavailability associated with animal products may help to maintain women's health.
The interpretation of the adequacy of anthropometric stores among these women is less clear-cut. When compared with WHO references for BMI, these women appear to be largely normal. Yet, when compared with elite women in developing countries [40] , these women have a lower mean BMI (22.5 compared with 24.1). In addition, when these findings are compared with those from similar Andean populations, the values for BMI and triceps skinfold thickness fall closer to those published for Peru and Bolivia 15 to 20 years ago (BMI, 22.8 to 23.7; triceps skinfold thickness, 9.8 mm) than to values reported more recently from the Ecuadorian Andes (BMI, 25.6 to 26.1; triceps skinfold thickness, 17.3 mm) [19, 23, 24, 38] . In terms of socioeconomic predictors, the principalcomponents analysis demonstrated that indicators that are often used interchangeably to denote socioeconomic status measured two distinct constructs: modern lifestyle and farming wealth. The distinction between these markers has also been identified by Weismantel [28] , Bindon and Vitzthum [29] , and DeWalt et al. [41] , the latter authors referring to a scale similar to the modern lifestyle as the "material style of life." The important implication for nutritionists is that both of these constructs must be measured and included in models to fully understand the role of socioeconomic status. In addition, the correlations among predictors demonstrated here underline the importance of adjusting the commonly measured variable of women's education for age and socioeconomic markers [29, 42, 43] .
The impacts of economic variables have been previously studied mainly in relation to the nutritional status of children. The positive effects of education and literacy on children's diet and growth are frequently reported [39, 44] , and education has also been found to covary with adult females' anthropometric status in Kenya and Mexico [35] . In line with our results, Bolivian women's anthropometry was reported to be associated with modern lifestyle but not with traditional farming lifestyle [29] . As noted by Bindon and Vitzthum [29] , in addition to being a potential marker of wealth, modern lifestyle may signal less active exercise patterns, a concern given the increasing documentation of obesity among women in Latin America [45] .
The age-associated effects merit further consideration. In this population, women in their postreproductive years consumed less food, had lower fat stores, and spent more days ill with respiratory symptoms than younger women. Similar age-related trends have been reported in Papua New Guinea, India, Ethiopia, Zimbabwe, Brazil, and Congo [46] [47] [48] [49] . In the Collaborative Research Support Program on Nutrition and Human Function (NCRSP) studies, age was positively associated with BMI in Mexican and Egyptian women but not in Kenyan women [35] . In North America, contrary to the present results, this stage of the life cycle (50 to 65 years) is associated with an increase in fat stores and a decrease in lean body mass and bone density, body composition changes that are associated with such health problems as osteoporosis and sarcopenia. So, although age seems to be linked to body composition, the changes may depend very much on locale and lifestyle, with little information available to guide the interpretation of "adequate stores." Notably, in the present near-census sample of the study communities, no woman was more than 66 years old, suggesting limited survival beyond this stage of life.
The cross-sectional nature of these data leaves the etiology of the lower stores in the Andean postreproductive women unclear. The respiratory symptoms may have resulted in anorexia and thinness, a plausible argument given the existence of tuberculosis in these communities and the practice of cooking over smoky fires. However, energy intake:expenditure imbalance is also a tenable explanation. Energy expenditure may still be high at this age, as these women remain responsible for farm and domestic chores, the cost of which may be compounded by the absence of child labor in postreproductive households.
Conclusions
The present study highlighted variation in access to a high-quality diet by women living in rural communities in the Ecuadorian highlands. Despite consuming a diet largely adequate in energy and protein, the population showed a marked prevalence of inadequate intake of many micronutrients. In line with data demonstrating compromised dietary quality, the economic data showed that Ecuadorian Highland families chose to consume more animal products, as opposed to more energy, as their socioeconomic status increased. This change in dietary quality was in turn positively associated with women's anthropometric measurements in this resource-poor environment.
The observation that older women consumed less food, had lower fat stores, and experienced greater respiratory morbidity, while directly relevant to this specific Andean context, suggests a need for extended cross-cultural studies of the nutritional and health status of postreproductive women. Comparisons among developing countries and with countries in Europe and North America could explore why women in this age group eat less and the factors that appear to put them at risk.
